Differential expression and activity of matrix metalloproteinases during flow-modulated vein graft remodeling.
While shear stress closely regulates vascular remodeling, the mediators of this process have been only partially elucidated. The current study examined the role of the gelatinases in flow-mediated vein graft intimal hyperplasia. We hypothesized that matrix metalloproteinase (MMP)-2 and MMP-9 expression and protein levels, relative to tissue inhibitors of metalloproteinase (TIMP)-1 and TIMP-2, are upregulated in a flow-dependent manner during vein graft arterialization. Bilateral common carotid interposition vein grafting was performed in rabbits. Reduction in flow was achieved through unilateral ligation of the internal carotid artery and three of four branches of the external carotid artery. At 28 days grafts were harvested and analyzed for intimal area; MMP-2 and MMP-9, and TIMP-1 and TIMP-2 messenger RNA content, via quantitative reverse transcription polymerase chain reaction; and MMP-2 and MMP-9, and TIMP-1 and TIMP-2 protein concentrations, via both bioactivity assay and zymography. Branch ligation resulted in a 10-fold difference in mean flow rate and accelerated development of intimal hyperplasia in a low-flow environment. Exposure of the vein graft to arterial hemodynamics induced a marked rise in MMP-9 mRNA levels, whereas only a modest increase in MMP-2 mRNA was observed. MMP-2 protein was 50 to 100 times more abundant than MMP-9, and was significantly upregulated in grafts that demonstrated enhanced intimal thickening. Immunohistochemistry demonstrated that MMP-2 was located throughout the myointima, whereas MMP-9 was localized almost exclusively to the region of endothelium. No differences in TIMP-1 and TIMP-2 mRNA or protein levels were detected between high-flow and low-flow grafts. MMP-2 is the predominate gelatinase that regulates early vein graft remodeling. Despite a marked increase in MMP-9 gene expression, development of intimal hyperplasia after a reduction in wall shear rate correlates with an increase in MMP-2 protein levels. These data suggest differential regulatory mechanisms for proteases within the remodeling vein graft wall. Modulation of extracellular matrix biologic features may offer therapeutic strategies for the prevention of vein graft failure.